Abstract
Introduction
The level of government microeconomic intervention and regulation has been significantly reduced since China's all-round implementation of a market-oriented reform in 1994. Market openness, growing competition, the emergence of nonstate-owned enterprises, and the subsequent transformation of the market structure have characterized China's economic and structural transitions (Naughton, 1992; McMillan and Naughton, 1992; Perkins, 2002; Li, et al., 2012) . Further studies have indicated that market openness expedites market entries and exits of enterprises, which promote the market-oriented transition of resource allocation. The facilitation of market entries and exits increases the growth of total factor productivity (TFP) at the corporate level through competition but enhances the efficiency of resource allocation among enterprises, thus contributing to the overall TFP improvement at the aggregate level (Li et al., 2012) .
However, China has retained extensive intervention and regulation in some important industries and economic sectors (the World Bank, 2013) , and such intervention and regulation have been largely strengthened after 2003. The Chinese government in the process of a market-oriented reform substantially reduced the intensity of its regulation on the iron and steel industry, where the level of market openness greatly increased. Nevertheless, the Chinese government still attempted to maintain a strong influence on the iron and steel industry as a key industry for the economy and retained extensive regulatory measures. An interesting question for the industries in which the government has retained extensive intervention and regulation is whether limited market openness and competition have improved their overall industry productivity and whether the extensive microeconomic intervention retained by the government for this sector impedes the improvement of industry productivity.
Some studies believe that the market entry of many non-state-owned enterprises has led to excessive competition, repetitive construction, and overcapacity of many industries, including the iron and steel industry, and has caused the deterioration of productivity in these industries (Yang Huixin, 2000; Wei Houkai, 2003; Luo Yunhui, 2004 ). China's central government holds a similar view that the large-scale entry of new enterprises in the iron and steel industry causes serious problems of repetitive construction or overcapacity, and it attempts to enforce a tight control of market access. Moreover, China's central government has also adopted regulatory policies, such as an investment project review and approval and imposed control 301 on corporate investments for capacity expansion. The central government has also introduced an industrial policy to support state-owned large enterprises and restrict the development of small enterprises in the iron and steel industry (Jiang and Li, 2010) . Most of these state-owned iron and steel enterprises are inefficient but are still supported by the industrial policy of the central government. Moreover, these state-owned enterprises have the serious problem of soft budgetary constraint and are often bailed out by the government whenever threatened by potential bankruptcies.
Local governments in China also play an important role in the intervention of the development of iron and steel enterprises. Local governments help local enterprises escape the restrictions of regulatory policies introduced by the central government. For example, they give assistance to local enterprises to enter the iron and steel industry despite the central policy restrictions, or they give assistance to local iron and steel enterprises to expand their capacity despite the central government restrictions. Local governments also support the development of local iron and steel enterprises by offering cheap land, relaxing environmental regulation, and offering tax preferences and fiscal subsidies. These activities of the local governments are conducive to the entry of new enterprises that intensify market competition and promote the improvement of industrial efficiency. However, the protection and support of the local government to local enterprises may distort competition, disrupt the market mechanism of "survival of the fittest," and impede efficiency improvement.
The behaviors of iron and steel enterprises and the competitive landscape of the industry as a whole under the effect of different interventions of the central and local governments are distorted. The relationship among entry and exit, market competition, and industry aggregate TFP growth is also likely to experience aberration. This study attempts to verify whether such an aberration has occurred by revealing the relationship among the entry and exit of the iron and steel industry, market competition, and industry TFP growth through an empirical study. This study also discusses the far-reaching influence of limited market openness, government regulation, and intervention on the evolution of the efficiency of the iron and steel industry. This research is based on the theoretical foundation of the industrial evolution model by Hopenhayn (1992) . Thus, this study proposes the hypothesis as follows: The entry-exit would promote the growth of the aggregate productivity, accompanied by improving cross-enterprise allocation efficiency.
The rest of this paper is structured as follows. Section 2 presents a literature review of the current studies. Section 3 introduces the theoretical frameworks and methodologies used in the study. Section 4 presents the materials and variables used in the study and empirical analysis. Section 5 discusses the results. Section 6 is conclusions. Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 
Literature review
Theoretical and empirical research has extensively pointed out that market competition is an important force in the promotion of TFP growth at the corporate level and in the efficiency enhancement of resource allocation at the crossenterprise level (Vickers, 1995; Nickell, 1996; Disney, Haskel and Heden, 2003; Syverson, 2004; Holmes and Schmitz, 2010) . These studies suggest that the three channels exist for the enhancement of the overall industrial productivity through market competition. The first channel is the productivity improvement of existing enterprises in an industry. Existing enterprises increase productivity by adopting new technologies and adjusting their organizational structure, such as the reasonable allocation of corporate resources through internal restructuring. The second channel is the mechanism for the optimized cross-enterprise allocation of resources among existing enterprises; that is, market competition leads to the flow of market share and factor resources from inefficient enterprises to highly efficient enterprises to optimize the efficiency of resources within an industry. The third channel is the mechanism of market selection; that is, the entry of highly efficient enterprises into the market intensifies market competition and forces inefficient enterprises to exit the market. A number of studies have been conducted on enterprise competition behaviors. Barberá et al. (2013) studied the reliability and validity of industrial assets. Bendato et al. (2015) examined the adjustment of dynamic production systems under the fluctuation margin environment.
Recent studies have begun to follow the TFP of China's manufacturing enterprises and the effect on TFP at the industry level (Bartelsman et al., 2009; Hsieh and Klenow, 2009; Li Ping et al., 2011) . These studies have suggested that productivity varies greatly across the enterprises of China's manufacturing sectors with an inefficient resource allocation. Hsieh and Klenow (2009) argued that, if resources could be allocated to highly efficient enterprises of the manufacturing sectors in China and India similar to their counterparts of the United States, then the TFP of both countries could be increased by 30% to 50% and 40% to 60%, respectively. Brandt et al. (2009) used the data of China's manufacturing enterprises between 1998 and 2006 and found that resources flow from inefficient SOEs to highly efficient private enterprises, provided that the entry and exit of enterprises are based on free choice. Moreover, such a reallocation of resources further increases the TFP of China's manufacturing sectors.
These studies are highly relevant for the understanding the TFP evolution of China's manufacturing sectors and enterprises. However, these studies have neglected the potentially adverse effects of China's institutional and policy defects on TFP distribution and evolution for manufacturing enterprises in China. China's local governments allowed the market entry of inefficient firms and made market exit more difficult for inefficient ones by offering protection and subsidies for local firms, These inefficient firms expanded their capacity and market share under various preferential policies offered by local governments. Hence, the market mechanism of the "survival of the fittest" failed to function effectively. China has introduced an industrial policy to "protect and support state-owned large enterprises and restrict the development of small-and medium-sized enterprises" in capitalintensive industries, such as the iron and steel, petroleum, and chemical engineering industries. Such an industrial policy protects inefficient state-owned enterprises and accelerates their quantitative expansion. However, the development of efficient private small-and medium-sized enterprises is constrained (Jiang, et al., 2010) . The iron and steel industry has been an important area in the subsidized competition and implementation of interventionist industrial policy by local governments over the years. Therefore, the study on the distribution and evolution of TFP and the productivity distribution and evolution of iron and steel enterprises offers valuable insights for the analysis of the adverse effects of China's institutional and policy distortions on corporate productivity and the overall industrial productivity.
Methodology

Theoretical framework
The analysis of this study is built upon the theoretical foundation of the industrial evolution model of Hopenhayn (1992) , which investigates an industry that consists of a multitude of manufacturers of homogeneous products with varying productivity. Each manufacturer determines the level of output according to factor input and stochastic productivity shock ζ. Productivity shock ζ is mutually independent for each manufacturer and conforms to the first-order Markov process. The productivity distribution function for the manufacturer in the future phase can be expressed as F(ζ t +1|ζ t ), where F(ζ t +1|ζ t ) is a strictly decreasing function of ζ t . That is, the probability for a manufacturer to possess high productivity in a future period increases with the growth of the current phase productivity.
In each phase, an existing manufacturer makes the choice of whether to pay the fixed cost C f and continue the operation or to exit the market before observing the realization of productivity shocks. The manufacturer determines the level of its output after observing the realization of the current phase of productivity shocks if the manufacturer elects to continue operation. Potential entrants choose whether or not to pay a sunk cost C e for market entry. If it elects to enter the market, it will determine the level of its output according to the realization of productivity shocks with distribution function as G(ζ). Price is jointly decided by market demand and supply, and each manufacturer is a recipient of market price. This model generates two key endogenous variables: the access ratio of an industry Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 and the minimum productivity level ζ* required for an existing manufacturer to stay in the market. The sunk cost C e of market access becomes a basic exogenous variable that affects the transformation of the market structure given that the model assumes the existence of homogeneous products and numerous buyers and sellers in the market.
The analytical result of this model is indicated as a basic exogenous variable of the model. Variations in the sunk cost C e for market entry exert an important effect on the decision making of manufacturers for market entry and exit and for the variation of the market structure. Based on the given initial productivity distribution G(ζ), the discount profits required for an enterprise to compensate for the sunk cost of market entry decrease if the sunk cost of market entry decreases; this decrease encourages the entry of potential manufacturers. Manufacturers entering the market can observe the current-phase productivity ζt, and future productivity is expected to evolve on the track of distribution function F(ζ t+1 |ζ t ). Given that F(ζ t+1 |ζ t ) is a strictly decreasing function of ζ t , an inefficient manufacturer develops an expectation of future low productivity and low expected profits. Therefore, if the productivity of enterprise ζ t is below ζ* for the given minimum productivity level required to stay in market ζ*, it will opt to exit the market. However, manufacturers with productivity ζ t above ζ* stay in the market, and their productivity and scale of production continuously grow over time. Enterprises with higher productivity enjoy a much rapid growth of their market share. The reductions of entry cost and the entry of new enterprises also increase the productivity level required to create a positive expected profit in the future, thus increasing the minimum productivity level ζ* required for an enterprise to stay in the market. Therefore, potential players enter the market because of the reduced sunk cost for entry, while less productive ones exit the market. Under an equilibrium state, significant entry and exit ratios are likely to occur, and a positive correlation exists between them.
The reduction of sunk cost for market entry has inspired a dynamic competition process based on the mechanism of market choice of the "survival of the fittest." In this process of dynamic competition, the average productivity of exiting firms is below the average productivity of surviving firms, considering that exiting firms are mainly the least productive ones. Hopenhayn (1992) proved that F(ζ t+1 |ζ t ) has stochastic dominance for the initial productivity distribution of new entrants G(ζ) as long as F(ζ t+1 |ζ t ) is a strictly decreasing function of ζ t , given that the productivity distribution of existing manufacturers is a result of the phase-out of inefficient ones. Therefore, existing manufacturers are more productive than new entrants. The evolving distribution of productivity and scale among manufacturers becomes an important source of productivity growth at the industry level in the dynamic process of competition driven by reducing sunk cost for market entry. The reduction of sunk cost for market entry and the resultant mass inflow of new 305 players have fueled productivity growth at the industry level. The reduction of sunk cost for market entry has increased the minimum required productivity level for existing manufacturers to stay in the market, and it provides incentives for the growth of corporate productivity at the micro level. However, the mechanism of market competition and choice through "survival of the fittest" gives rise to crossenterprise resource reallocation based on productivity. Production gradually shifts to more productive firms as less productive firms exit market. Thus, improvement in the efficiency of cross-enterprise resource allocation becomes an important source of TFP growth.
This theoretical model is based on certain assumptions, but the revealed mechanism of open competition provides an important reference for the analysis of market entry and exit for competitive industries and the evolution of market competition and TFP in the process of market-oriented reform and deregulation. The model also provides the theoretical benchmark for such an analysis of China's iron and steel industry under the condition of limited market openness and extensive government interventions. The entry and exit of a large number of firms in a competitive industry of market entry deregulation inspire a dynamic competition process based on market choice. The reduction of sunk cost for market entry, the large-scale entry of non-state-owned enterprises, and the intensifying competition have increased the minimum productivity level required for firms to be profitable, and they incentivize microeconomic entities, including state-owned enterprises, to increase productivity. Less efficient firms in the process of market competition are driven out from the market and economic resources, and the share of production is gradually allocated to more productive firms. Given the significant differences in productivity level and the ownership structure across firms, the mechanism of market choice based on "survival of the fittest" and the cross-enterprise resource reallocation are likely to become drivers of gradual transition and important sources for TFP growth at the industry level. This industrial evolution model can be considered as a theoretical foundation to support the presented hypothesis.
Measurement of TFP
To measure the TFP of industries correctly, this study that is based on the CobbDouglas production function follows the corporate production function developed by Syverson (2011) combined with a semi-parametric method developed by Levinshohn and Petrin (2003) to resolve the endogenous problem. The specific explanations are as follows:
According to Syverson (2011) , assume that the corporate production function has the form of a Cobb-Douglas production function , , ( , , , , ) 
Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 where Y i,t denotes the net output level of enterprise i during period t, K and L denote the capital and labor inputs, respectively, and α and β denote the output elasticity of capital and labor, respectively. Then, the TFP of enterprise i during period t can be defined as
By taking the logarithm of both sides of Equation (1) 
where y it , k it , and l it denote the logarithm of Y it , K it , and L it , respectively. In Equation (3), the TFP u it of enterprise i during period t can be decomposed into two parts: one part is pure stochastic shock ε it , and the other is a specific productivity shock ζ it facing the enterprise, which includes certain important corporate and industrial attributes. Thus, Model (3) can be written a
The enterprise should respond to the variations of ζ it under the assumption of profit maximization. The adjustable labor input lit is usually positively correlated with ζ it , which causes the endogenous problem in the sense of econometric economics. Thus, the ordinary least square estimator of labor output elasticity generated by Model (4) is likely to have an upward deviation. Moreover, the estimator of capital output elasticity is likely to have the tendency of a negative deviation given that the volume of workforce employment is usually positively correlated with capital inventory. Therefore, the TFP estimated based on the ordinary least square method is deviated. The fixed effect estimation of Model (4) cannot completely eliminate the deviation caused by the explanation of the variable endogeneity given that ζ it may change over time.
This study uses the semi-parametric method developed by Levinshohn and Petrin (2003) on the basis of Olley and Pakes (1996) to resolve the endogenous problem in the estimation of Model (4). The research assumes that the intermediate input m it of enterprise has monotonously increasing dependence on k it and ζ it as follows:
It can express ζ it as a function of capital and intermediate input m it using the inverse function of Equation (5).
Moreover, ζ it follows the first-order Markov process.
where it is not correlated with capital k it but may be correlated with l it . Therefore, based on Equation (7), Equation (4) can be expressed as
where the non-parametric function
By replacing ψ in Equation (8) with the three-order polynomials of k it and m it ,
In this manner, α cannot be identified to arrive at the consistent evaluation of labor output elasticity β using the ordinary least square method for the estimation of Equation (10).
To identify capital output elasticity α, this research expresses the estimator of ψ as
For any possible capital output elasticity α*, the estimator of ζ it can be written as
Then, the non-parametric consistent estimator of E(ζ it |ζ i,t-1 ) can be expressed as .
With the given consistent estimators of β, E(ζ it |ζ i,t-1 ), and α*, the residue error of the sample production function can be written as .
The estimator of α* can be estimated from the solution of the following problem of minimization:
Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 The Golden Section Search method is adopted to minimize Equation (15). Thus, it can be arrived at the consistent estimator of capital output elasticity α. The consistent evaluator of TFP at the corporate level can be estimated using the following equation:
.
Measurement of the TFP growth mechanism
Based on the method of Olley and Pakes (1996) and Foster, Haltiwanger, and Krizan (2006) , this study defines the aggregate productivity TFP t of one industry or the sum of several industries as the weighted average of TFP for various enterprises to further investigate the contribution of entry, exit, and market selection to the enhancement of industry TFP in a dynamic competition.
where m it is the weight that is usually denoted by the share of production of enterprise i. Equation (17) indicates that the aggregate productivity of an industry or the sum of several industries is subject to the following two factors: the corporate TFP TFP it at the micro level and the status of the allocation of economic resources across enterprises denoted by the share of production m it . Therefore, Equation (17) provides a statistical framework for the empirical analysis on the productivity effect of entry, exit, and dynamic competition.
This study investigates the effect of resource reallocation driven by the market entry and exit on the overall productivity of industrial sectors and compares the relative importance of productivity growth at the corporate level and the improvement in the efficiency of cross-enterprise resource allocation. Thus, it is needed to decompose the aggregate productivity growth defined by Equation (17). Baily, Hulten, and Campbell (1992) offered the following method of decomposition:
where C, N, and X respectively denote the sums of existing enterprises, new entrants, and exiting firms. On the basis of this decomposition method, Foster, Haltiwanger, and Krizan (2006) proposed the following method of decomposition:
Jianbai Huang et al. • Industry regulation, competition, and the dynamics of productivity... Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299- There are two following adjustments have been made to this database. First, this research deletes the erroneous records that are illogical in reference to the methodology of Li Yuhong, Wang Hao, and Zheng Yuxin (2008) . A record is considered an erroneous record and is deleted if an observation value meets any of the following four criteria: (1) the corporate aggregate output value is negative, (2) the various inputs of an enterprise are negative, (3) the original value of the corporate fixed assets is smaller than the net value of the fixed assets, and (4) the industrial value-added or intermediate input is greater than the gross industrial output value.
Variables
According to company code and year, this research selects enterprises come from four iron and steel sectors, namely, steel smelting, iron smelting, steel rolling and processing, and iron alloy smelting, as cross-section units and large-scale nonequilibrium micro-level panel datasets between 1999 and 2007, including 41,113 observation values. Each observation value consists of 50 variables that reflect the basic situation, input and output, assets and liabilities, capital composition, revenues and costs, and profit distribution of firms. The study then creates variables of the following three aspects based on the dataset:
Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 In this equation, with the exception of beginning-of-phase finished products, original data in the database of China's industrial enterprises can all be found in the database of China's industrial enterprises. Liu Xiaoxuan and Li Shuangjie (2008) replaced the data of end-of-phase and beginning-of-phase finished products with end-of-phase and beginning-of-phase inventory to address the lack of data on beginning-of-phase finished goods. Given that the database of China's industrial enterprises reports end-of-phase inventory, end-of-phase finished products, and beginning-of-phase inventory, this study estimates beginning-of-phase finished products from beginning-of-phase inventory according to the share of end-of-phase finished products in end-of-phase inventory to calculate the value added of various enterprises more reasonably.
b. Corporate capital inventory
In the production theories of economics, capital input should be fixed capital inventory when actual input goes into production. Thus, this research employs the perpetual inventory method to calculate corporate capital inventory K it .
The perpetual inventory method requires us to determine the original capital inventory of each enterprise, actual investment volume of fixed assets in each year I it , and depreciation volume D it . This study utilizes the net value of fixed assets of each enterprise in 1999. or the net value of fixed assets corresponding to the year that the enterprise first appears in the database converted to the real values of 1999 according to the fixed asset investment price index of various regions, as the initial capital inventory of enterprises. 
c. Labor input and intermediate input
The database of China's industrial enterprises reports the annual average number employed for each enterprise, which is used as the measurement of corporate labor input. This database reports the intermediate input of enterprises that is adjusted to the constant price of 1998 using the ex-factory price index of industrial goods from various regions as the measurement of intermediate input for various enterprises. Table 1 explains the entry and exit situation of China's iron and steel industry. This study calculates the entry ratio ER and exit ratio XR of four-digit sectors using the data of China's iron and steel enterprises for four-digit sectors between 1999 and 2007. The definition of entrants and exiting firms is based on the database of China's industrial enterprises. This research defines enterprises that first appear in the database since 2000 as entrants. Enterprises that used to but ceased to appear in the database from a certain year are defined as exiting firms of the year. NE(t), NX(t), and NT(t) denote the number of entrants, the number of exiting firms, and the total number of enterprises of industry in year t, respectively. Entry ratio and exit ratio can be calculated using the following equation:
Empirical analysis
ER(t) = NE(t)/NT(t-1) XR(t) = NX(t)/NT(t-1)
In detail, Table 1 reports the average entry ratio, exit ratio, and institutional structures of entrants and exiting firms from the four four-digit sectors of China's iron and steel industry, namely, iron smelting (IS), steel smelting (SS), steel rolling and processing (SP), and iron alloy smelting (AS), between 1999 and 2007.
Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 The annual average entry ratio is 27.3% for the steel smelting sector, 27.1% for the steel smelting sector, 29.7% for the steel rolling and processing sector, and 34.1% for the iron alloy smelting sector. The annual average exit ratio is 19.6% for the iron smelting sector, 16.8% for the steel smelting sector, 12.4% for the steel rolling and processing sector, and 13.3% for the iron alloy smelting sector.
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The numbers in brackets in Table 1 report the shares of state-owned capital for entrants and exiting firms. It shows that the share of state-owned capital in the entrants of the iron smelting sector is below 20% for years other than the first year of reporting, and the lowest is only 3.46%. In the iron alloy smelting sector, the share of state-owned capital in the entrants is below 50% for all reporting years, and the lowest is only 5.4%. The share of state-owned capital is below 30% in the entrants of the steel rolling and processing sector, with the exception of a few years. The shares of state-owned capital and non-state-owned capital are relatively balanced among the entrants of the steel smelting sector. Nevertheless, the share of state-owned capital in the entrants remains below 6% in 2003, 2004, and 2007 , and even 1% in some years, for the steel smelting sector. The share of state-owned capital is below 36% in the reporting years for the exiting firms of the iron and steel industry, and the lowest is only 2.75%. With the exception of 52.25% in 2000 and 61.47% in 2002, the share of state-owned capital in the exiting firms of the iron alloy smelting sector is below 50%, and the lowest in 2006 is only 0.15%. The share of state-owned capital among the exiting firms in the iron smelting and iron alloy smelting sectors has been on a significant decline over the years. The share of state-owned capital is relatively balanced for the exiting firms of the steel smelting sector. However, the average share of stateowned capital across years is still less than 50% in addition to the declining trend over the years. Among the exiting firms of the steel rolling and processing sector, the share of state-owned capital is below 37% for the other six reporting years, with the exception of two years of 2002 and 2004, and its trend line continues to demonstrate a weak decline over the years. Table 2 analyses the cross-enterprise TFP growth and distribution by estimated the TFP at the corporate level based on the above semi-parametric method mentioned on section 3.2. This study discovers that stable parametric estimation values exist for the production function of all industries in different sections, and thus the analysis is created on the basis of comparable TFP. Table 2 reports the cross-enterprise TFP distribution of the four four-digit sectors of the iron and steel industry. Table 2 presents three striking characteristics: First, the TFP of the upper quartile enterprises is at least three times higher than that of the lower quartile enterprises, with the exception of the steel smelting sector in 1999. Second, each part of the cross-enterprise TFP distribution, such as the lower quartile, median quartile, and upper quartile, all experience growth, and the growth rate of the upper quartile is greater than that of the median and lower quartiles. Third, productivity varies greatly among firms, the ratios between the average TFP of upper quartile enterprises and the average TFP of lower quartile enterprises in iron smelting, steel smelting, steel rolling and processing, and iron alloy smelting sectors for 1999 are 2.79, 5.65, 4.46, and 4.06, respectively . The ratios between the average TFP of upper quartile enterprises and that of lower quartile enterprises in iron smelting, steel smelting, steel rolling and processing, and iron alloy smelting sectors increase to 5.74, 13.4, 5.71, and 4.38 times in 2007, respectively. Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 Tables 3-6 explain TFP Growth mechanism. Item (1) is the contribution to TFP growth by existing enterprises weighted by their market share in the base period, and it is identical to the first item in Equation (18). Item (2) is the contribution of market share reallocation among existing enterprises to the growth of aggregate productivity. Item (3) is the coordinated variation; that is, this item is positive if productivity and market share move in the same direction. The sum between Items (2) and (3) measures the contribution of cross-enterprise resource reallocation to the growth of aggregate productivity, which is equivalent to the second item in Equation (18). Item (4) denotes the productivity of new entrants. If the productivity of new entrants is higher than that of the aggregate productivity of base period, it will be greater than zero. On the contrary, if the productivity of new entrants is below the aggregate productivity during base period, it will be smaller than zero. Item (5) denotes the productivity of exiting enterprises. If the productivity of exiting firms is above the aggregate productivity of the base period, it will be greater than zero. On the contrary, if the productivity of exiting firms is below that of the base period, it will be smaller than zero. The difference between Items (4) and (5) measures the contribution of the market entry and exit to the growth of aggregate productivity, and they are quantitatively equivalent to the difference between the last two items of Equation (18). Source: The materials are taken from the NBS Table 3 reports the results of the decomposition of the growth volume of aggregate productivity for the iron smelting sector. Item (1) of the decomposition result indicates that the productivity growth of existing enterprises plays a major role in the growth of aggregate productivity. Item (2) of the decomposition result is negative, and it indicates that enterprises with a TFP that is below the aggregate productivity during the base period experience faster growth. The result of Item (3) is negative, and it explains that no variation exists in the same direction between the productivity growth of existing enterprises and the growth of market share. The sum between Items (2) and (3) is negative, and it means that the efficiency of cross-enterprise resource allocation is worsening and impedes the improvement of the industry aggregate productivity. Item (4) is greater than zero, and it indicates that new entrants have promoted the improvement of industry productivity. Item (5) is smaller than zero, and it means that less efficient enterprises are driven out from the market. The difference between Items (4) and (5) is far greater than zero, and it indicates that after the weighting of market share, entry and exit have made important contributions to the improvement of industry productivity.
Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 Source: The materials are taken from the NBS Table 4 reports the results of the decomposition of the aggregate productivity growth for the steel smelting sector. Its overall situation is similar to that of the iron smelting sector; that is, the productivity growth of existing enterprises plays a major role in the aggregate productivity growth, and market entries and exits are key contributors to the improvement of industry productivity. At the same time, the efficiency of cross-enterprises resource allocation for existing enterprises is worsening and impedes productivity improvement at the industry aggregate level. 1999-2006 20252.63 95.62 −3073.38 7049.35 2509.36 −2977.76 4539.99 21840.64 1999-2007 25820.86 −186.84 −4087.34 8045.49 2060.95 −4274.18 5984.54 27517.86 Source: The materials are taken from the NBS Jianbai Huang et al. • Industry regulation, competition, and the dynamics of productivity... Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 317 Table 5 reports the results of the decomposition of the growth volume of aggregate TFP for the steel rolling and processing sector. Its overall situation is identical to that of the iron smelting and steel smelting sectors; that is, productivity growth of existing enterprises plays a major role in aggregate productivity growth, and market entries and exits are key contributors to the improvement of industry productivity. At the same time, cross-enterprise resource allocation efficiency for existing enterprises is worsening and impedes the productivity improvements at the aggregate industry level. Nevertheless, the mechanism for the TFP evolution of the steel rolling and processing sector has its own characteristics. The deterioration in the cross-enterprise allocation efficiency for existing enterprises is mainly derived from Item (3); that is, the productivity growth of enterprises moves in the opposite direction of the reduction of market share. 1999-2006 3892.89 −159.23 −94.00 9962.11 −420.81 −253.23 10382.92 14031.31 1999-2007 8258.61 −296.38 −2954.62 13144.56 −483.61 −3251.00 13628.17 18632.73 Source: The materials are taken from the NBS Table 6 reports the results of the decomposition of aggregate productivity growth for the iron alloy smelting sector. Its overall situation is somewhat different from that of the iron smelting, steel smelting and steel rolling, and processing sectors. That is, in the iron alloy smelting sector, market entries and exits play a major role in the growth of aggregate productivity, while the productivity growth of existing enterprises is the second most important contributor to the improvement of industry aggregate productivity. The efficiency of cross-enterprise resource allocation for existing enterprises also demonstrates a worsening tendency and impedes the improvement of productivity at the aggregate industry level. Nevertheless, similar to the steel rolling and processing sector, deterioration in the cross-enterprise allocation efficiency for existing enterprises is mainly derived from Item (3); that is, the productivity growth of enterprises moves in the opposite direction to the reduction of market share. Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 
Results and discussion
Considering the exhibition of entry-exit situation in China's iron and steel industry, First of all, the four-digit sectors of China's iron and steel industry demonstrate very high market entry and exit ratios Geroski (1991) found that the average entry ratio of industrial sectors is only between 3.2% and 8.2% for sophisticated market economies, and the exit ratio is slightly lower. The market entry and exit ratios of China's iron and steel industry far exceed those of the industrial sectors in sophisticated market economies. Therefore, large-scale market entries and exits of enterprises occur with the limited market openness of the iron and steel industry and local government assistance for local firms to escape market access restrictions. Moreover, the attempt of the central government to adopt a relatively strict market entry policy failed to achieve its expected objectives. Secondly, non-state-owned capital has become a major driver of the market entry and exit of the iron and steel industry. The market entry and exit of an industry are mainly driven by non-stateowned capital, and the share of state-owned capital has been on a significant decline over the years.
In cross-firm TFP growth and distribution analysis in Table 2 , there are three characters explored: First, as described by the industrial evolution model of Hopenhayn (1992) , substantial TFP differences exist among enterprises in each year. Second, the minimum productivity level required for enterprises to remain in the market may have increased over time, and that the cross-enterprise TFP distribution demonstrates the tendency to move to the right. Moreover, more productive enterprises have achieved better growth. Third, productivity varies greatly among firms, cross-enterprise resource allocation for the iron and steel industry is inefficient, and such inefficiency demonstrates the tendency of further deterioration. Instead of promoting the convergence of corporate TFP, market competition under limited market openness and government intervention exacerbated the corporate TFP differences.
According to the analysis of Table 3 -6, TFP growth mechanism, the results show that the decomposition of the aggregate productivity growth for the iron smelting sector, steel smelting sector, and steel rolling and processing sector are similar, that is, the productivity growth of existing enterprises plays a major role in the aggregate productivity growth, and market entries and exits are key contributors to the improvement of industry productivity. At the same time, the efficiency of crossenterprises resource allocation for existing enterprises is worsening and impedes productivity improvement at the industry aggregate level. There is a difference in the iron alloy smelting sector, market entries and exits play a major role in the growth of aggregate productivity, while the productivity growth of existing enterprises is the second most important contributor to the improvement of industry aggregate productivity. Nevertheless, the mechanism for TFP evolution of two 319 sectors, which are the steel rolling and processing sector and iron alloy smelting sector, have their own characteristics, while the deterioration in the cross-enterprise allocation efficiency for existing enterprises is mainly derived from Item (3); that is, the productivity growth of enterprises moves in the opposite direction of the reduction of market share.
On the whole, for the iron and steel industry, first, productivity of existing enterprises for the iron and steel industry has been rising rapidly and plays an important role in the aggregate productivity growth. Second, market entries and exits are the major sources for the aggregate productivity growth after the weighting of the market share. The TFP of entrants are a major contributor to the growth of aggregate productivity, and enterprises with a relatively low TFP are driven out of the market. Cross-enterprise resource allocation efficiency deteriorates for existing enterprises. Enterprises with TFP below the aggregate productivity during the base period experience faster growth, and corporate productivity and market share do not move in the same direction.
Based on the above results, the study has the following implications: Although the central government has attempted to impose a relatively tight regulation on the market entry of the iron and steel industry, local government protection and assistance have made it easy for enterprises and investors to escape such a regulation. As a result, large-scale corporate entries and exits occurred for the iron and steel industry during the reporting period of this paper. Tremendous efficiency gaps exist among enterprises in the iron and steel industry. This finding reflects the inefficiency of cross-enterprise resource allocation for the iron and steel industry. Differences in productivity among enterprises widened instead of narrowed during the reporting period. This situation is another reflection of further deterioration in the efficiency of cross-enterprise resource allocation for the iron and steel industry. Large-scale corporate entries and exits for the iron and steel industry have intensified competition within the industry and significantly propelled the efficient improvement of existing iron and steel enterprises. The market entry of many relatively efficient new entrants in the iron and steel industry has driven out the less efficient manufacturers from the market. This process has greatly enhanced the overall efficiency of the iron and steel industry. Different from the standard theory, the efficiency of cross-enterprise resource allocation has failed to improve and has continued to worsen and seriously impede the overall improvement of the industry's overall productivity, although the large-scale corporate entries and exits of China's iron and steel industry have intensified market competition.
China's central government should relax its regulation of the iron and steel industry, adjust the industrial policy that restricts competition to support large enterprises and eliminate smaller ones, introduce an industrial policy that promotes fair competition and put a premium on environmental protection, and restrain various subsidies and preferential policies of local governments for local enterprises. By taking Zb. rad. Ekon. fak. Rij. • 2015 • vol. 33 • sv. 2 • 299-324 these measures, China's central government can promote the fair competition of the iron and steel industry, thus enabling the competition mechanism of the market based on "survival of the fittest," facilitating the concentration of resources and market share in highly efficient enterprises, and expediting the improvement of resource allocation efficiency in the iron and steel industry. Moreover, China has also retained many intervention and regulatory measures in various sectors of machinery, automobiles, basic metals, and chemical engineering, where local governments are enthusiastic to intervene. The Chinese government should create an open, fair, and transparent environment for market competition at an early date to promote the efficient improvement of these sectors.
Conclusions
The results of the empirical analysis did not strongly support the hypothesis, although the entry-exit promotes the growth of the aggregate productivity, the cross-enterprise resource allocation efficiency actually slows down aggregate productivity growth. The results of this research are the productivity growth of existing enterprises and entry-exit behaviors play an important role in the aggregate productivity growth, however, the efficiency of cross-enterprises resource allocation for existing enterprises is worsening and impedes productivity improvement at the industry aggregate level. The main contribution of this research to the previous literature is, studied dynamics of productivity growth on the basis of a limited market openness background. The previous researches are base on a free competition market background, but in China's iron and steel industry, the government retained extensive intervention and regulation. The basic conclusion is that, with substantial government intervention in enterprise investments, market competition may not promote optimal resource allocation efficiency in China's iron and steel industry, but will make the allocation less efficient.
The worsening efficiency in the dynamic cross-enterprise resource allocation for China's iron and steel industry may have the following explanations. (1) In the iron and steel industry, the Chinese government has introduced an industrial policy to "support state-owned large iron and steel enterprises and restrict the development of small-and medium-sized enterprises." Moreover, the government has retained a multitude of policy measures of microeconomic intervention, including investment regulation and market access. These policy measures have restricted the further development of many highly efficient private small-and medium-sized iron and steel enterprises but have fueled the development of many less efficient state-owned iron and steel enterprises, thus impeding the concentration of resources and markets in more efficient firms. (2) By offering cheap land and illegally relaxing environmental regulation, local governments have protected and supported local iron and steel enterprises. Therefore, many inefficient iron and steel enterprises have benefited from the cost advantage and have further developed and prospered. This situation creates an unfavorable effect on the development of more efficient enterprises.
Given data limitations, this study investigates China's iron and steel industry between 1999 and 2007, which is a period of rapid development for this specific industry. Nevertheless, growth in the market share of China's iron and steel industry has significantly slowed in recent years. This study cannot reflect the entry and exit, market competition, and TFP growth of China's iron and steel industry in recent years as well as characteristics of the intrinsic correlation among them. Future studies may explore the following directions: (1) further extend the investigation period to the recent couple of years on the basis of access to relevant data and (2) extend the scope of investigation to the automobile, machinery, and chemical engineering sectors in China.
The results of this paper suggest that the Chinese government should create an open, fair and transparent environment for market competition as soon as practically possible to promote the efficient improvement of these sectors and restrain various subsidies and preferential policies of local governments to local enterprises. In order to accelerate the growth of global economy, industry regulation should be reduced, fair competition should be protected and a premium put on environmental protection.
